INTRODUCTION
The current trend of using the renewable energy instead of fossil resources has gradually increased. The emission of greenhouse gas from the burning of fossil fuels e.g. coal, oil and gas and also the non-renewable resources dependence are the motivation for this change. Ethanol widely becomes as attractive feedstock because it can be produced from agricultural raw materials such as sugar cane, starch and lignocellulosic materials 1 , which is called bioethanol. Bioethanol can also be converted to various valuable chemicals such as acetic acid and acetaldehyde. The transformation of bioethanol into acetaldehyde is more profitable than into acetic acid because of their current market prices 2 . Furthermore, acetaldehyde can be used as raw material for many chemicals production such as acetic anhydride, acetic acid, ethyl acetate, crotonaldehyde and butyl aldehyde 3 . The conventional acetaldehyde production process associated with high energy consumption because of high temperature requirement in thermal cracking of natural gas. Hence, the catalytic conversion of ethanol is interesting to alternatively produce acetalde-In fact, acetaldehyde can be produced from ethanol through dehydrogenation or oxidative dehydrogenation reaction over various catalysts associated with metal oxides, noble and non-noble metal catalysts 5 . Basicity of catalyst is an important property for oxidative dehydrogenation because it encourages the hydrogen abstraction by the surface oxygen atoms. Nevertheless, a very high basicity increases CO x production, which is undesirable. The Mg containing catalyst has been found as a moderate basicity material 6 , which is perhaps suitable for this process. It is known that the layered double hydroxides LDH or hydrotalcite is a layered material with basic character. Its structure is a brucite-like Mg OH 2 in which some magnesium atoms are substituted by aluminium atoms forming positive charge layers. LDHs have several interesting properties such as the basic character, ion exchange capacity and memory effect that the structure can be rebuilt by moisture after calcination. A variety of mixed-oxide catalysts can be obtained from various precursors in LDHs synthesis process 7, 8 .
The main objective of this work is to develop Mg-Al layered double hydroxides Mg-Al LDH as catalysts for oxidative dehydrogenation of ethanol to acetaldehyde. The Mg-Al LDH was synthesized by co-precipitation and calcined at different temperatures. The effect of calcination temperature on the physicochemical and catalytic properties of these catalysts is elucidated.
EXPERIMENTAL

Materials
The Mg-Al LDH in this work was synthesized from magnesium nitrate hexahydrate Mg NO 3 2 .6H 2 O , aluminium nitrate nonahydrate Al NO 3 3 .9H 2 O , sodium hydroxide NaOH and sodium carbonate Na 2 CO 3 , which were obtained from Sigma-Aldrich Chemical Company, Inc.
Catalysts preparation
The Mg-Al LDH catalyst was prepared by the co-precipitation method 9 . After that, the temperature-programmed desorption was carried out from 40 to 500 at heating rate of 10 /min. The amount of CO 2 in effluent gas was analyzed via thermal conductivity detector TCD as a function of desorbed temperature. 2.3.4 Scanning electron microscopy SEM and energy dispersive X-ray spectroscopy EDX The morphology and element distribution throughout the catalyst crystallites were determined by scanning electron microscopy SEM and energy dispersive X-ray spectroscopy EDX , respectively. The JEOL mode JSM-6400 was employed. The EDX was performed using Link Isis Series 300 program.
Fourier transform infrared spectroscopy FT-IR
The IR spectra were recorded using Nicolet 6700 FT-IR spectrometer in the range of 400 to 4000 cm 1 to identify specific structural characteristics of the chemical group from the vibrational properties.
Reaction study
Catalytic oxidative dehydrogenation reaction of ethanol was performed in the fixed-bed continuous flow reactor. First, 0.05 g of catalyst and 0.01 g of quartz wool bed were packed in the middle of glass tube reactor located in the electric furnace. Before the reaction was carried out, the catalyst was preheated at 200 for 30 min in N 2 to remove the moisture. Ethanol was vaporized at 120 and mixed with N 2 gas and air 60 ml/min for oxidative dehydrogenation reaction. The mixed-gas stream was introduced into the reactor with weight hourly space velocity WHSV of 22.9 h 1 and the reaction was carried out at temperature range from 200 to 400 under atmospheric pressure. The reaction was carried out at each temperature for 30 min to reach the steady-state for each temperature. The gaseous products were analyzed by gas chromatography with flame ionization detector FID and thermal conductivity detector TCD . The oxidative dehydrogenation reaction system is shown in Scheme 1.
RESULTS AND DISCUSSION
Catalyst characterization
The influence of calcination temperature on the physical properties of Mg-Al LDH and their calcined samples were studied. The XRD patterns of all Mg-Al catalysts are shown in Fig. 1 . Some common features of layered material, sharp and symmetric diffraction peaks in 2θ range of 10-25 and broad diffraction peaks in 2θ range of 30-50 , were observed for non-calcined Mg-Al-000 sample 10 12 . The basal spacing d 003 reflection of Mg-Al-000 was 7.67 Å at 2θ of 11.5 , indicating that the interlayer of Mg-Al-000 was mainly carbonate ion, water and hydroxide ion 13 . For all catalysts calcined between 450-900 , the diffraction peaks were observed at 2θ 43 and 63 , which were attributed to a periclase MgO phase 10, 14 , and diffraction peaks of layered structure disappeared. The diffraction peaks of Al 2 O 3 were not found because of a very high dispersion of Al 3 in MgO structures 9, 14 . At calcination temperature of 900 Mg-Al-900 , the sharpening peaks of MgO were found and some diffraction peaks of spinel MgAl 2 O 4 also appear 10 . For all calcined catalysts, it revealed that the LDH structure was destroyed and Mg-Al mixed oxide was formed. SEM was used to study the morphology of Mg-Al catalyst samples. The SEM images of all catalysts are shown in Fig.  2 . The morphology of non-calcined Mg-Al catalyst Mg-Al-000 was more compact than the calcined catalysts. The calcined catalyst Mg-Al-450, Mg-Al-600 and Mg-Al-900 exhibited the plate-like morphology. At 900 , some agglomerated particles were formed and this result was consistent with the lower BET surface area compared to the other calcined samples. The elemental compositions of all samples were determined by EDX Table 1 . The Mg/Al ratios of each all Mg-Al catalysts were in the range of 1.88- 2.18 indicating that Mg/Al ratios were not change with calcination temperature. Table 2 shows the BET surface area, pore volume and pore size of all Mg-Al catalyst samples. It can be seen that BET surface area of calcined Mg-Al samples 95-168 m 2 /g were higher than the non-calcined Mg-Al sample 51 m 2 /g .
BET surface area gradually decreased as calcination temperature increased. The adsorption-desorption isotherms are shown in Fig. 3 . All Mg-Al catalyst sample exhibited the hysteresis loop at high relative pressure P/P 0 0.7 corresponding to Type IV IUPAC representing the mesoporous structure of all samples. The average pore size diameters of all samples were ranged between 12-20 nm. The pore volumes decreased whereas calcination temperature increased, resulting in the increase of average pore size diameter Table 2 . The pore size distribution of Mg-Al catalysts are shown in Fig. 4 . It reveals that most pores are in the range of 2 to 50 nm for all samples indicating the mesoporous materials.
The functional groups of all Mg-Al catalyst samples were determined by FT-IR. The FT-IR spectra as seen in Fig. 5 show broad absorption band at 3420 cm 1 of O-H stretching absorption of interlayer water molecules and hydroxyl groups in the layered structure 11 and the bands at 3000 cm 1 and 1640 cm 1 represent the interlayer water 15 . The sharp peak at 1359 cm 1 with a shoulder at 1559 cm 1 corresponded to symmetric and asymmetric stretching absorption of C-O and C O in interlayered carbonate ion 11, 16 .
The broad peaks in the range of 400-1000 cm 1 correspond to stretching absorption of Mg-OH or Al-OH 13, 17 . From the results, the absorption bands of interlayer water and hydroxyl groups decreased as calcination temperature increased indicating that calcination of Mg-Al LDH samples 
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resulted in water removal and dehydroxylation. Moreover, the absorption bands of carbonate ion also decreased via decarboxylation of carbonate ion in the layer 14 . It should be noted that the FT-IR results still showed the adsorption peak at 3420 cm 1 and 1359 cm 1 ascribed to the hydroxyl groups and carbonates on calcined Mg-Al catalyst, respectively. The remaining functional groups were observed due to non-totally dehydroxylation and decarbonation. The intensity of the absorption peak decreased with increasing calcination temperature. It has been well known that the basic site of catalyst is required in oxidative dehydrogenation of alcohols 18 20 .
Hence, the basic sites of catalysts were determined by CO 2 -TPD analysis. The CO 2 -TPD profiles of Mg-Al catalyst The number of basic site is summarized in Table 2 . The results showed that the basic sites decreased with increased calcination temperature. The non-calcined catalyst Mg-Al-000 showed the highest basicity of 260.1 μmolCO 2 / g catalyst. For calcined catalysts, the catalyst calcined at 450 Mg-Al-450 exhibited the highest basicity of 253.5 μmolCO 2 /g catalyst.
Reaction study
In order to compare the catalytic activity of Mg-Al LDH catalyst on dehydrogenation and oxidative dehydrogenation, the reactions were performed on Mg-Al-000 in the absence and presence of oxygen atmosphere. The result showed that the activity of Mg-Al-000 in the presence of oxygen was higher than that of without oxygen Fig. 7 . This is likely due to reoxidization on the catalyst surface by oxygen from the feed 19 . Consequently, the catalytic activity of all Mg-Al catalysts was determined via oxidative dehydrogenation of ethanol at the reaction temperature from 200-400 . The results of ethanol conversion on different reaction temperature are shown in Fig. 7 . For all catalysts, the ethanol conversion increased when reaction temperature increased. The highest ethanol conversion was found on Mg-Al-450 65 at 400 among other catalysts. The ethanol conversion decreased in the order of Mg-Al-450 Mg-Al-600 Mg-Al-000 Mg-Al-900 catalysts. At lower reaction temperature range 200-300 , the non-calcined catalyst Mg-Al-000 exhibited the highest ethanol conversion 5.57- 8.90 . This may be due to the catalyst was layered structure, which contained hydroxyl groups -OH and carbonate -CO 3 2 at external surface that can interact with the ethanol 22, 23 . At higher reaction temperature range 350-400 , Mg-Al-450 showed the highest ethanol conversion deal with the basicity of catalyst , which was higher than Mg-Al-000 because of the destruction of layered structure of Mg-Al-000 at high reaction temperature 350 . Moreover, the catalyst was in the partially dehydroxylated and decarbonated LDH formed 23 resulting in lower activity than the mixed oxide phase of Mg-Al-450. The acetaldehyde selectivity obtained at different reaction temperatures is shown in Fig. 8 . In the reaction temperature range of 200-300 , the main product observed over all calcined Mg-Al catalysts was acetaldehyde selectivity 90
. The acetaldehyde selectivity decreased when reaction temperature increased to 350 , due to the formation of byproducts such as ethylene, diethyl ether, ethyl acetate, carbon monoxide and carbon dioxide. At high reaction temperature 400 , carbon dioxide was observed as a major product due to the successive oxidation of acetaldehyde 24 . The proposed mechanism for acetaldehyde formation via oxidative dehydrogenation of ethanol is described as follows. In the first step, ethanol is adsorbed on acid-base pair site and the O-H bond is broken to form surface ethoxide species 22, 25 . In the next step, the α-hydrogen is abstracted by M-OH group on the surface to form water and the lattice oxygen is removed. Then, acetaldehyde is desorbed and the surface is reoxidixed by oxygen from the feed 19 . In order to investigate the suitable condition for acetaldehyde production from ethanol over Mg-Al catalyst, the acetaldehyde yield was considered as shown in Fig. 9 . At 350 , all Mg-Al catalysts exhibited the maximum acetaldehyde yield except Mg-Al-000 in the absence of oxygen atmosphere . The yield of acetaldehyde decreased when the reaction temperature increased to 400 due to the formation of mainly carbon dioxide at this temperature. The highest acetaldehyde yield of 29.7 was observed on Mg-Al-450 catalyst at reaction temperature of 350 . Moreover, there are many researches focus on oxidative dehydrogenation of ethanol to acetaldehyde over various catalysts such as silver and lithium over mixed phase chi and gamma alumina catalyst 24 , cobalt doped manganese oxide octahedral molecular sieves 26 , vanadium based catalysts prepared by grafting on titania-silica supports 27 , va- 31 . In order to compare the catalyst performance in this work with other researches, the catalytic activities of various catalysts for oxidative dehydrogenation of ethanol to acetaldehyde are summarized in Table 3 . Although the ethanol conversion and acetaldehyde selectivity over calcined Mg-Al catalyst Mg-Al-450 is not relatively high compared with other catalysts, there are points that supporting Mg-Al catalyst to be a promising catalyst in oxidative dehydrogenation of ethanol to acetaldehyde. The Mg-Al catalyst can be simply synthesized by co-precipitation without using severe condition e.g. high pressure and temperature . Moreover, it can be used without any noble metal loading and not require pre-reduction step prior to reaction.
CONCLUSION
The calcination temperatures 450-900 played an important role on the physical properties and catalytic activity of Mg-Al catalysts. The basicity and BET surface area of calcined catalysts decreased with increased calcination temperature. The decrease of basicity of catalyst led to the decrease of catalytic performance in oxidative dehydrogenation of ethanol. The non-calcined Mg-Al catalyst Mg-Al-000 showed the highest ethanol conversion at low reaction temperature range 200-300 involving with the hydroxyl groups on the surface. At high reaction temperature range 350-400 , the catalysts calcined at 450 and 600 exhibited the highest ethanol conversion because of their basic mixed oxide form. The acetaldehyde selectivity decreased with increasing the reaction temperature due to byproducts formation, especially carbon dioxide. In this study, the catalyst calcined at 450 Mg-Al-450 exhibited the highest catalytic activity. It shows the highest acetaldehyde yield of 29.7 at 350 . The study revealed that Mg-Al catalyst can be a promising catalyst to produce acetaldehyde from ethanol without pre-reduction step. 
